The aim of this study was to investigate constitutional and environmental determinants of nonmelanocytic skin cancer among different populations from south Europe. Between 1989 and 1993 we interviewed incident cases and a random population sample of controls from five centres where a cancer registry was operating, whereas we selected a sample of hospital-based cases and controls from three other centres. Controls were stratified according to the age and sex distribution of cases. In all, 1549 cases of basal cell carcinoma (BCC), 228 of squamous cell carcinoma (SCC) and 1795 controls were interviewed. Both cancers affected primarily sun-exposed sites such as face, head and neck, but the prevalence of BCC on the trunk was higher than for SCC. Pigmentary traits such as hair and eye colour as well as tendency to sunburn were strong and independent indicators of risk for both BCC and SCC. In SCC, adjusted odds ratios (ORs) ranged from 1.6 for fair hair colour to 12.5 for red hair. Light-blonde hair entailed a risk of about 2 for BCC. Pale eye colour was associated with a risk of 1.8 for SCC and 1.4 for BCC. Subjects who always burn and never tan showed an adjusted OR of 2.7 for BCC and 2.0 for SCC. A history of sunburns and a young age at first sunburn were associated with an increased risk for BCC only (OR 1.7). Pigmentary traits and sun sensitivity of the skin confirmed their role as risk indicators. The effect of sunburns, as an indicator of both exposure and sun sensitivity of the skin, is less clear. Nevertheless, its association with BCC suggests, by analogy with melanoma, a relationship with intense sun exposure. Converseley, SCC would require prolonged exposure to sunlight.
Non-melanocytic skin cancer is one of the commonest tumours in white populations. Standardised incidence rates in men, as measured by cancer registries in the late 1980s, ranged from about 40 cases per 100 000 in various European countries, to 100 and 200 cases per 100 000 respectively in North America and Australia (Parkin et al., 1992) . It is generally believed that incidence rates, as reported by cancer registries, are underestimated, because current notification systems miss some cases diagnosed and treated only as outpatients. Two surveys carried out in Australia, the highest risk area worldwide, found annual incidence rates to be over 1000 cases for 100 000 inhabitants (Kricker et al., 1990; Stenbeck et al., 1990) .
Non-melanocytic skin cancers are classified into two major groups: basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) . BCC is the most common cancer type in white populations, occurring rarely among black Africans, among whom SCC is a little more common that BCC though still rare (Oettle, 1963) . As reported by some surveys, the incidence of BCC has increased in British Columbia (Gallagher et al., 1990) , USA (Fears and Scotto, 1982) , the Netherlands (Coebergh et al., 1991) and Switzerland (Levi et al., 1988) during the last two decades. In addition, these upward trends were especially marked for BCC on the trunk, while for SCC, they were limited to the head, face and neck (Gallagher et al., 1990; Fears and Scotto, 1982; Coebergh et al., 1991 (Kricker et al., 1994) . None of the studies on skin cancer recently reviewed had sufficient SCC cases to test for differences between BCC and SCC with an adequate statistical power (IARC, 1992 ).
Subsequently, a few other analytical studies have been published (Ron et al., 1991; Kubasiewicz et al., 1991) , and recent analyses have included data on the qualitative and quantitative relationship between risk of BCC (Kricker et al., 1995a, b; Gallagher et al., 1995a) , of SCC (Gallagher et al., 1995b) subjects who were bald, had gone grey or dyed their hair, we assessed eyebrow hair, which, we consider, keeps its natural colour longer than scalp hair, or, if not possible, asked subjects to select the hair colour that would have matched their original or natural colour best. Eye colour was assessed on a three-level scale (black and brown; green; blue and grey).
We did not measure skin colour directly because the two methods we tested (sample photos and direct reflectance measurement with opto-electronic colorimeter) turned out to be both unreliable and difficult to implement. Indeed, we considered grading skin colour against a set of six sample photos, and a direct reflectance measurement (Chroma-meter, Minolta). During the pilot period, the first method proved to be highly unreliable because of inter-observer variance. The second method was tested on a sample of about 50 subjects and proved to be highly variable according to skin site, age and sex of subjects. This is not surprising and is consistent with previous findings with objective measurements. The skin colour is not only dependent on pure melanin pigmentation, but is also influenced by body hair, thickness, moisture, superficial diffusion of blood vessels and tanning. Moreover, objective measurements are only weakly associated with skin cancers and actinic lesions, suggesting that it is not skin colour, but rather a combination of pigmentation and sensitivity to sun, that induces skin tumours (Green and Martin, 1990; Kricker et al., 1991) .
Skin characteristics were measured by asking questions about reaction to sun exposure and sunburns in childhood. Reaction to sun exposure was measured on a four-level scale and ranged from subjects who always tan and never burn to subjects who always burn when exposed to sun. As reaction to sun exposure varies during life according to the degree of melanin protection and skin thickness, we asked patients to report their skin reaction experience at 20 years old. Past experience of sunburns was assessed by asking questions about number of sunburns and age at first sunburning.
Scales construction and data analysis In this analysis we evaluated the effect of skin characteristics and sunburns during different outdoor activities on both BCC and SCC. Since analysis was conducted on BCC and SCC separately and given the different control sampling schemes, we controlled the residual confounding effect of design variables by means of odds ratios adjusted for age, sex, and centre. Each factor was then analysed, including significant pigmentary traits and skin characteristics in unconditional logistic models with design variables to establish which factors were independent from all others.
Hair colour, eye colour and skin reaction to sun exposure were all measured on ordinal scales. Point estimations were computed at each level of the scale, then collapsing adjacent classes with similar estimates, in order to increase the efficiency of models, while saving degrees of freedom. Number of sunburns and age at first sunburn were both determined on an interval scale, but given the skewness of their distributions, we applied quartiles of distributions in exposed controls. Further, we tested linear trends of such reduced scales.
The effect was tested of different control sampling bases on odds ratios (population based in five centres and hospital based in three centres); results indicated that parameter estimates tended to aggregate according to national clusters rather than to their sampling basis. For (Table II) . The rest of the SCC lesions were markedly different from those of BCC: the second most common site for SCC was lower limbs in women (25.5%) and upper limbs in men (7.9%), whereas for BCC the second most common site of lesions was the trunk in both men (14.1%) and women (10.1%).
Pigmentary traits and skin characteristics Pigmentary traits showed a clear and independent association with both BCC and SCC (Table III) , but hair colour had a stronger association than eye colour. In general, SCC exhibited elevated risks for subjects with blonde or red hair. Both BCC and SCC showed a 2-fold increase of risk in people who never tan and always get burned when exposed to sun (Table IV Although people with sun-sensitive skin type tend to avoid sun exposure, they too could have experienced some sunburns. As a consequence, we analysed number of lifelong sunburns and age at first occurrence as a mixed indicator of both skin reaction and sun exposure.
Number of sunburns showed a highly significant association with BCC, which was however, attenuated by allowance for pigmentary traits and skin type (Table V) . Subjects who experienced sunburns before age 15 had a significant, although moderate, increase of risk for BCC, also after allowance for pigmentary traits and skin type (Table V) . In addition, age at first sunburn emerged as a significant risk factor for BCC, even after controlling for number of sunburns, while the effect of number of sunburns was no longer significant when age at first sunburn was included in models. Conversely, number of sunburns and age at first sunburn did not seem to be risk indicators for SCC.
Subjects with fair hair and tendency to burn showed a 5- The anatomical site distribution, with a substantial proportion of BCC on the trunk (14.1% in men and 10.1% in women), is consistent with previous observations in the Canton of Vaud, Switzerland (Levi et al., 1988) , The Netherlands (Coebergh et al., 1991) and Tasmania (Kaldor et al., 1993) , although to a lesser extent in Norway (27.6% in men and 25.2% in women) (Magnus, 1991) and in Western Australia (32% in men and 21% in women) (Kricker et al., 1990) . Indeed, data from Western Australia were collected through a specific survey, whereas other studies relied upon routinely collected data from cancer registries. Although the anatomical site distribution of SCC was rather stable over time, several surveys showed that BCC lesions on the trunk increased in the last decade (Fears and Scotto, 1982; Levi et al., 1988; Gallagher et al., 1990; Coebergh et al., 1991; Magnus, 1991) .
Skin characteristics are considered as risk indicators for skin cancer as sun exposure produces skin cancer at different rates for skin types with different sun sensitivity. In general, apart from rare forms of skin cancer (basal cell syndrome in xeroderma pigmentosum), sun exposure is considered essential in inducing skin cancers. Nevertheless, identification of high-risk groups through easily detectable skin characteristics can help in targeting preventive interventions.
In the present study, we used hair colour, eye colour and skin reaction to sun exposure as indicators of skin type. These indicators have the advantage of being easier to use and more accurate than skin colour, and are therefore, more suitable for risk assessment and in messages to the public. Conversely, skin colour is difficult to measure reliably either subjectively or objectively. Although a high correlation would be expected between pigmentary traits, our results showed an independent effect, even if estimates were sensibly attentuated after adjustment for mutual confounding effects.
Comparison with other studies is made difficult by phenotype differences between study populations and the use of different measurement scales. Indeed, given the characteristics of the Mediterranean population, it is possible that in the baseline category our study included subjects with darker complexion than other studies. In general, eye colour and skin sun sensitivity showed similar results in both BCC and SCC with OR for eye colour ranging from 1.2 (Hogan et al., 1989; Kricker et al., 1991) to 3.4 (Vitasa et al., 1990) , and ORs for sun sensitivity ranging from 1.3 in subjects with 'an average tan ' (Hunter et al., 1990) to 6.1 in subjects who 'always burn' (Marks et al., 1993) .
For hair colour other studies used less expanded scales with similar results for BCC (Hogan et al., 1989; Hunter et al., 1990; Green and Battistutta, 1990; Kricker et al., 1991) . Odds ratios for SCC lower than ours, particularly in subjects with red hair, were however found with a maximum OR of 3.3 in a study based on only 21 SCCs (Green and Battistutta, 1990) .
The lower ORs found for eye colour, as compared with hair colour, might simply indicate the greater difficulty in assessing eye colour with consequently larger measurement error.
Although, number of sunburns life-long is very difficult to recall and can be seriously underestimated, history of sunburns can be considered a comprehensive indicator of skin sensitivity and sun exposure, as sunburn is caused by an exposure that exceeds the skin's reparation ability. Few sunburns life-long, therefore, can indicate true skin resistance as well as a tendency to avoid sun exposure as a result of skin sensitivity. In our study the relationship with number of sunburns life-long was present only in BCC with OR similar to those found elsewhere (Hogan et al., 1989; Hunter et al., 1990; Kricker et al., 1995a) . However, the association was not significant after controlling for skin characteristics. Allowance for these variables is open to criticism as sunburns, as previously noted, occur only if exposure exceeds skin protection (Green et al., 1985; Kricker et al., 1995a) .
Age at sunburn has been replaced, as a proxy, by age of arrival in sunny areas. For example, in previous studies in Australia it was found that immigration at age 10 years or less implied a slight risk increase (Armstrong, 1983; Kricker et al., 1991) . A recent study reported a similar risk increase for severe sunburns in childhood (Gallagher et al., 1995a) , and another study estimated that the strongest effect of sunburns on BCC was at 10-14 years of age (Kricker et al., 1995a) . Again, young age at sunburn is an indicator not only of the direct effect of sun exposure, but also of early starting of heavy exposure or a sign of sun sensitivity in subjects who can develop a darker and less sensitive complexion with ageing. This variable, therefore, can explain the marginal contribution to the risk of BCC in subjects not belonging to traditional high-risk groups. This result also mimics what has been found in cutaneous melanoma, in which history of past sunburn during childhood has been associated with a 2-fold increased risk (0sterlind, et al., 1988; Elwood et al., 1990; Zanetti et al., 1992; Weinstock et al., 1991) .
Although SCC occurs mainly in old age, we restricted eligibility to 20-70 years because of the difficulty in gathering reliable information in elderly subjects; nevertheless, we were able to collect 228 SCC cases. The discrepancy between median incidence age of SCC in the general population and the median age in our data set is unlikely to bias the present results, as the control sample was balanced for age with cases and the residual effect of age was allowed for by adjusting odds ratios for the exact annual age.
Another possible source of bias was the different population bases of the control sample; although a certain degree of distortion cannot be completely ruled out, we checked for consistency among centres, and by aggregating centres by country. Country proved to be a stronger confounder than study design (hospital or population basis).
Compliance among cases was high for all centres. We had a lower response rate among controls in Besan9on (55.6%) and Turin (63.6%) although still similar to those in other population-based case-control studies (Engel et al., 1988; Green et al., 1988; Hogan et al., 1989; Marks et al., 1989; Hunter et al., 1990; Vitasa et al., 1990) . However, the interview setting was similar for cases and controls (at home or outpatient clinics), thus minimising possible sources of bias.
In summary, the present study confirms the role of constitutional factors in high-risk groups for both BCC and SCC. However, a somewhat stronger association with phenotypic characteristics emerged for SCC than for BCC. Conversely, sunburns were a more important risk factor for BCC than for SCC, partly as a consequence of the different pattern of sun exposure relevant to these two skin cancer types, which will be discussed in a companion paper (Rosso et al., 1996) .
